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(54) Method of fabrication of a microstructure having an inside cavity 



(57) The present invention relates to a method of 
faDncating a microstructure having an tnsiae cavity com- 
prising the steps of: 

depositing a first layer or a first stack of layers in a 
substantially closed geometric configuration on a 
first substrate; 

performing an indent on the first layer or on the top 



layer of said first stack of layers, 
depositing a second layer or a second stack of lay- 
ers substantially with said substantially closed ge- 
ometric configuration on a second substrate 
aligning and bonding said first substrate on said 
second substrate such that a microstructure having 
a cavity is formed according to said closed geome- 
try configuration. 
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Description 

Field of the invention 

[0001] The present invention is reiated to a method of 
faoncation of a microstructure having an inside and prel- 
erabty a sealed cavity 

[0002] The present invention is also related to the 
product obtained by said method, which is reiated to a 
microstructure having a sealed cavity 
[0003] The present invention is also related to specific 
applications of this method of fabrication of a microstruc- 
ture. 

Background 



the silicon material leaving a vacuum in the cavity, in 
one embodiment a cavity is etched into a silicon wafer 
and filled with aluminum A silicon dioxide layer is 
formed over the aluminum filled cavity and the structure 

5 is heated to produce the vacuum cavity. 

[0012] The document "F taxless flip-chip technology" 
by Patrice Caiilat and Gerard Nicolas of LET! published 
at the First International Flip-Chip Symposium San 
Jose. California. February 1 994 describes a flip-chip as- 

10 sembly of two chips with a solder sealing ring defining 
a cavity during the assembly itself. The assembly and 
the subsequent sealing are normally done in air or under 
an N 2 purge Similar conditions may exists for the other 
wafer bonding techniques as mentioned hereabove { ex- 

is cept for the technique of reactive sealing). 



[0004] Microstructures having an internal cavity can 
be formed by making an assembly of two chips or two 
wafers or a chtp-on-wafer with a spacer in-between 
Such struclures should have hermetically sealed cavi- 20 
ties filled with a controlled ambient (gas composition 
and/or pressure). 

[0005] These structures can be used for many differ- 
ent applications such as microaccelerometers, microgy- 
roscopcs mtcrotubcs. vibration microsensors, micro- 25 
mirrors, micromechanical resonators or "resonant strain 
gauges", micromechanical filters, microswitches and 
microrelays 

[0006] Traditionally for these applications, the ambi- 
ent of the cavity is defined during theassernbly of the 30 
several components by anodic, fusion or eutectic wafer 
bonding wafer bonding using low temperature glasses 
or polymers as the brazing material and reactive sealing 
techniques 

[0007] A common drawback of these techniques is 35 
that they are rather limited in applicability, since device 
separation is difficult (the device has been made on one 
of the two wafers). It is also difficult to create electrical 
contacts. The drawbacks of three of the most common 
techniques are discussed herebelow. 40 
[0008] The technique of diffusion bonding of a Si cap 
wafer on the device wafer requires fiat Si surfaces and 
a high temperature process. 

[0009] Wafer bonding techniques such as anodic 
bonding and silicon fusion bonding require a very clean 
environment, i.e.. low particle contamination. There are 
applications that are not compatible with these bound- 
ary conditions of temperature and flatness. Further- 
more, the technique of anodic bounding also requires 
flat surfaces and needs the application of a high voltage 50 
in order to achieve the bonding. 

[0010] Finally, the technique of gluing does not pro- 
vide a real hermetic bond. 

[0011] US-5296408 describes a fabrication method of 
making a microstructure having a vacuum sealed cavity 55 
therein, including the process steps of forming an alu- 
minum filled cavity in a body of silicon material and heat- 
ing the structure such that the aluminum is absorbed into 



Aims of the present invention 

[001 3] The present invention aims to suggest a mem- 
od of fabrication of a microstructure having an inside 
cavity. More particularly, the present invention aims :o 
suggest to have a sealed cavity with a controlled ambi- 
ent allowing a free choice of the sealing gas composition 
and the sealing pressure or a vacuum 
[0014] Another aim of the present invention is to sug- 
gest a method which does not require special eqjtpnnent 
to perform the fabrication of such microstructures in a 
vacuum or controlled inert gas ambient. 
[0015] Another aim of the present invention is to sug- 
gest a method suited for micro-electromechanical sys- 
tems (MEMS* packaging wherein all the process steps 
are compatible with packaging equipment 

Summary of the present invention 

[0016] The present invention is related to a method of 
fabricating a microstructure having an inside cavity 
comprising 

making a first layer or a first stack of layers in a sub- 
stantially closed geometric configuration on a first 
substrate: 

creating an indent on the first layer or on the top 
layer of said first stack of layers; 
making a second layer or a second stack of layers 
substantially with said substantially closed geomet- 
ric configuration on a second substrate: 
aligning and bonding said first substrate to said sec- 
ond substrate such that a microstructure having an 
inside cavity is formed according to said closed ge- 
ometry configuration. 

[0017] The indent preferably is formed with a groove 
made in one of the a layers such that when the two suo- 
stratesare secured together, a connection, preferably a 
contacting channel, between the inside cavity of a 
microstructure and the outside ambient is created 
[0018] Such an indent can be made using a variety of 
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different techniques ncluding lithographic and/or chem- 
ical techniques cr mechanical techniques removing a 
pan of the first layer jsing a tool such as a shearing tool 
or cutting tool by applying a force using an indent tool 
on the first layer or by other steps. 
[0019] As used herein the term "making a layer on a 
subs:rate n means any type of method of providing a lay- 
er as the substrate including depositing or growing a lay- 
er on the substrate. 

[0020] After the two substrates are secured together 
the indent is closed by reflowmg the first layer at a reflow 
temperature T he reflow temperature is preferably at a 
temperature at wnich said first layer, or at least the top 
layer of the first stack of layers, is fusible but not the 
substrate and/or the other materials thereon. The reflow 
temperature can be ower than the melting temperature 
ot the first layer or of one of the layers (the top layer) of 
the first stack of layers, the temperature being just high 
enough to achieve the closing of the indent and/or the 
corresponaing fusion of the two substrates The reflow 
temperature can also be equal to or above said melting 
temperature Thus the reflow temperature is the temper- 
ature at which the first layer or the top layer of the first 
stack of layers has sufficient plasticivity to reflow for 
closing :hc indent and achieving at the same time the 
fusion of the two substrates. 

[0021] The inside cavity can contain any kind of de- 
vice with a predetermined vacuum or inert gas (N 2 . He. 
Ar. Xe ) atmosphere or any other kind of gaseous at- 
mosphere 

[002*2] One of the embodiments of the present inven- 
tion makes use of a solder sealing ring that can be com- 
bined with standard solder bumps for electrical contact. 
[0023] Advantages of the technique of the present in- 
vention include flexible packaging of devices. A good 
electrical contact between device and package is also 
made possible, the second or the first substrate can be 
a more complex device by itself, a hermetic cavity seal- 
ing can be achieved and the technique can be executed 
to a large extent at wafer-level. 

[0024] tt is a further advantage of bonding techniques 
based on a solder bond, that are less susceptible to par- 
ticles Furthermore, flip-chip solder bonds also have the 
interesting property of self -alignment (within certain lim- 
its) and display a good control, predictability and repro- 
ducibility of the solder height and thus the cavity height. 
Furthermore, a solder bond leads to a metallic seal, 
which is known to provide the best hermeticity possible. 
Also, the metallic seal can be used as an electrical 
feedthrough from one chip (e.g. the bottom chip) to the 
other (e.g. the top chip of the stack). 
[0025] Further characteristics or advantages will be 
found in the following description of several preferred 
embodiments of the present invention. 

Brief description of the drawings 

[0026] Figures 1 to 6 represent the several steps of a 



preferred embodiment of the method of fabrication of a 
microstructure having a sealed cavity according to the 
present invention 

[0027] Figures 7 and 8 represent the two last steps of 
5 a second preferred embodiment of fabrication of a 
microstructure having a sealed cavity according to the 
present invention. 

[0028] Figures 9 to 1 V respectively represent in detail 
three alternative embodiments of methods of creating 

10 the indent in the fabrication of a microstructure having 
a sealed cavity according to the present invention 
[0029] Figures 12 to 1 5 respectively represent several 
examples of applications of microstructures fabricated 
according to the method of the present invention 

is [0030] Figure 16 represents a schematic cross sec- 
tion of a micro-relay m a package made m accordance 
with the principles of the present invention 
[0031] Figure 17 represents the process-flow in order 
to fabricate the electromagnet chip which is the bottom 

20 chip of Fig. 16. starting from a FeSi substrate 

[0032] Figure 18 represents the process-flow cf the 
fabrication of the armature chip which is the upoer chip 
of Fig 16 starting from a silicon suostrate 

25 Detailed description of preferred embodiments of 
the present invention 

[0033] The present invention will be described more 
in detail hereunder referring to specific embodiments 
30 which are more precisely described in the drawings 
[0034] The method of fabrication of a microstructure 
having a sealed cavity, according to the present inven- 
tion can be referred to as the indent-reflow-sealing (IRS) 
technique, which is based on a flip-chip technique using 
35 a fluxless soldering process, and which allows one :o 
make hermetically sealed cavities with a controlled am- 
bient (gas (es) and pressure) preferably at low temper- 
ature (typically of the order of 300 °C). 
[0035] By controlled ambient, it should be understood 
40 that the inside ambient in the cavity is not in direct con- 
' tact with the outside ambient. The pressure (or vacuum) 
in the cavity and/or its gas composition can therefore be 
adapted to the user requirements. The pressured (or 
vacuum) atmosphere in the cavity and/or tts gas com- 
45 position also can be adapted while forming the cavity 
[0036] The cavities are preferably formed by making 
an assembly of two chips (or two wafers, or chip-on-wa- 
(er) with a spacer in between. The spacer typically con- 
sists of a solder layer with or without an additional spac- 
so er layer. The alignment is done as a pick-&-place oper- 
ation (in particular applicable for chip-on-wafer process- 
es) on a flip-chip aligner/bonder. One of the advantages 
of the present invention is that the sealing is done in an 
oven as a post-assembly operation, i.e., not during the 
55 assembly operation itself. The fact that the cavity seal- 
ing is done in an oven makes the present method more 
flexible with respect to the choice oi the sealing gas and 
the sealing pressure. Standard flip-chip assembly as 
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used by Caillat et ai. in the prior art. is done in air ambi- 
ent with or without a nitrogen flow over the devices 
[0037] From a manufacturing standpoint, it should fur- 
ther be noted that the iRS technique according to the 
present invention has a cost advantage as compared to 
the ether methods of the state of the art. The pick-&- 
place operation done on the flip-chip aligner-&-bonder 
is in general the most time-consuming and most expen- 
sive step By doing the reflow operating as a post -as- 
sembly step in an oven, the operate time on the flip-chip 
aligner is (drastically) reduced. In addition, large batch- 
es of chip-cn-wafer (or chip-on-chip) assemblies can be 
sealed in an oven at the same time All this results in a 
high throughput and reduction in manufacturing costs. 
[0038] An element of the method according to the 
present invention is that the solder reflow and sealing is 
done in an oven as a post-assembly operation, not dur- 
ing the flip-chip assembly operation itself. This makes 
the present technique more flexible with respect to the 
choice of the sealing gas and the sealing pressure as 
compared to the prior art method used by Caillat et ai. 
Furthermore from a manufacturing standpoint it is con- 
cluded that a cost advantage is expected for the present 
technique The pick & place operation done in the flip- 
chip aligner & bonder is in general the most time-con- 
suming and most expensive step. By doing the refiow 
operation as a post-assembly step in an oven, the op- 
erate time on the flip-chip aligner is (drastically) re- 
duced In addition large batches of chip-on-wafer (or 
chip-on-chip) assemblies can be sealed in an oven si- 
multaneously This will result in a higher throughput and 
reduction in manufacturing cost. 

[0039] A specific embodiment of the method of fabri- 
cation of a microstructure according to the present in- 
vention, which is based on the assembly chip-on-chip 
will be described hereunder with reference to the figures 
1 to 6. wherein an explanation of the different processing 
steps follows hereunder: 

[0040] Step 1: Preparation of the first chip (figure 1 ) 

deposition and patterning of a metallization seed 
layer (5) on the first substrate or on a first chip (1 ), 
preparation of a plating mould (e.g., polyimide 
which can be as thick as 100 nm) and electrodepo- 
sition (electroplating) of the solder (3). Some exam- 
ples of possible solders can be SnPb63/37, 
SnPb5/95, SnPbAg (2% Ag), In, AuSn (80/20), 
SnAg ; SnAgCu or SnBi, 

removing the mould and making the indent or 
groove (4). This can also be conveniently done on 
wafer level, the wafer is next diced to obtain the in- 
dividual chips. 

[0041] Advantages of using solder in the method of 
the present invention are as follows: 

the solder is of a soft material, thus allowing an in- 
dent to be made using a shearing tool or an indent- 
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mg tool (soft should be understood as opposed to 
brittle hard) The indent can be made in a photo- 
lithographic and/or chemical manner, or through 
mechanical means. 

the solder can be ref lowed at moderate tempera- 
tures (200-350 °C) well below the melting point of 
the substrate. Due to the high surface tension the 
indent will completely disappear after reflow (the 
solder is brought back into its shape without any 
traces of the indent): 

the solder can be electroplated using L!GA-like 
processing. It is thus convenient to define a geo- 
metrically enclosed structure forming an inside 
sealed cavity afterwards In addition, eiectrocepo- 
sition allows the fabrication of high cavity walls < > 5 
um). This facilitates the making of the indent as well 
the solder leads to an excellent hermetic seal of the 
cavity. 

[0042] Step 2 : Preparation of the second substraie 
or chip (figure 2) 

deposition and patterning of a suitable metallization 
layer (6) on the second chip (2) (this can also be 
conveniently done on wafer level) The rccutrc- 
ments for a suitable metaiiizatior layer should be 
adequately wettable and form a stable mtermetallie 
compound with solder (3). For instance, if a SnPb- 
base solder is used in Step 1 most stable SnCu will 
be convenient A seed layer of SnNi can also be 
used. Therefore, the SnNi layer needs also to be 
covered by a thin Au layer since Ni oxidises in atr 
A thickness of the Au layer will be in the range of 
0 1 - 0.3 u>m in order to be adequately wettable 
while having a thicker Au layer will result in an un- 
reliable solder connection. If a AuSn-base solder is 
used, a Au metallization will yield good results This 
metallization will serve as the counter metallization 
for the flip-chip operation (see step 3) 

[0043] Step 3 : Pre-treatment •flip-chip" alignment 
(figure 3) 

On a flip-chip aligner & bonding device, both chips 
(1 & 2) are aligned so that the solder ring (3) on the 
first chip (1 ) is aligned with the metal ring (6) on the 
second chip (2) . Before loading, both chips are 
preferably given an adequate plasma pre-treatment 
in order to achieve a reliable adhesion (so-called 
"prebond*, see step 4) of both chips without solder 
reflow 

[0044] Step 4 : Pre-bonding (figure 4) 



ss . Both chips are heated to a temperature well below 
the melting point of the solder (a softening temper- 
ature that is well below the reflow temperature) for 
instance for SnPb (67/37) having a melting oomt 
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183 5 C the chips are '.ypcally heated to a temper- 
ature comorised between 120-1 50°C Thechipsare 
nex: prebonded by applying a bonding force (F). 
(typically of 2000 gf). The chips now "sticK" and can 
be moved to the reflow oven. The exact tempera- 
ture and bonding force depend on the solder the 
soicer nistory and the type of metallization used 

[0045] Step 5 : Pump vacuum and filling of the cavity 
(figure 5) 

In the reflow oven, the cavity (8) is evacuated and 
next filled with the desired gas such as N 2 or a gas 
mixture such as N ? 'H 2 mixture or even SF6 to a re- 
quired pressure. Optionally, the cavity could be 
evacuated to a vacuum pressure. 

[0046] Step 6 : Reflow and sealing (figure 6) 

The temperature of the oven is now raised to about 
or above the melting point of the solder but below 
the melting point of all other materials used. The sol- 
der (3) will melt so as to close the indent resulting 
in a hermetically sealed cavity with a controlled am- 
bient 

[0047] The process flow as represented in figs 1 to 6 
shows an assembly in which the cavity height is set by 
the solder itself without using any additional spacer lay- 
er However, the method of assembling product with an 
additional spacer layer is described in reference to fig- 
ure 7 and 5. 

[0048] Figures 7 and 3 represent the last two process 
steps of the method of fabrication according to the 
present invention using a spacer layer (9) in combina- 
tion with the solder layer (3) according to said cavtty 
height. 

[0049] Figures 9, 10. and 11 represent in detail three 
methods of creating an indent in the preparation of one 
of the two chips. 

[0050] More particularly, figures 9 represents local 
electrodeposition of the solder using a patterned mould 
(comparable to LIGA as 3D-microforming techniques), 
wherein 



figure 9a shows the deposition of a seed layer (95), 
the growing of a mould material (910) (e.g. photore- 
sist, polyimide), and the patterning of the mould 

(910); 

figure 9b shows the electrodeposition of the solder 

(93); 

figure 9c shows the removing of the mould (910) 
and seed layer (95) (locally) 

[0051] Figure 10 represents a second method of cre- 
ating an indentation by removing the solder using a 
shearing tool such as a shear tester 
[0052] Figure 1 1 represents a third method of creating 
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an indentation by using an indenter wherein the indent 
of the solder is made by applying a (high) force 
[0053] Jhe two last embodiments represented in fig- 
ures 10 and 11 are possible because the solder is a soft 
material that allows an indentation by forcing a tool such 
as a shearing or an indenting tool 
[0054] Figures 12 to 15 represent several structures 
using the method of fabrication of a microstructure hav- 
ing a sealed cavity according to the present invention 
for specific applications such as a microreed switch (fig- 
ure 1 2) a capacitive microaccelerator (figure 1 3). a vac- 
uum microtriode (figure 14). a one-port microresonator 
using electrostatic drive/sense (figure 15}. a microrelay 
(not represented), pressure sensors, light mirror devic- 
es, radiation (inlrared up to X-rays) sensitive devices 
such as micropiles and bolometers. It is an advantage 
ot the present invention that these devices are bulk or 
surface micro-machines having delicate surface struc- 
tures such as membranes and moving parts Therefore 
they can not be encapsulated with a plastic moulding 
compound. 

[0055] Furthermore, in several applications these de- 
vices require access to light or electromagnetic rad lation 
and more particularly to IR or UV tight X-rays etc Ex- 
amples of such radiation applications arc the packaging 
of imaging devices such as CMOS based imagers in 
such case, the first or second substrate should be trans- 
parent tor the electromagnetic radiation (light) or should 
at least comprise a portion of the substrate (a window) 
that is transparent for the radiation Thus the second or 
first substrate can be chosen to be a material such as 
Ge-wafer or a Pb halogenide material or ZnS or quartz 
[0056] For some of the above-mentioned applica- 
tions, a controlled atmosphere for proper operation is 
required, e.g. reference gas for IR sensor nitrogen or 
He for low or high thermal conductivity In packaging 
the bolometer sensor disclosed in the patent application 
EP-A-0867702 can be an advantageous example of the 
packaging technique of the present invention This tecn- 
nique also provides thermal isolation of the bolometer 
device. The thermal isolation is achieved by creating a 
vacuum atmosphere in the cavity. Also the presence of 
a noble gas of heavier atoms (Xe, Ar, ...) wilt be benefi- 
cial tor the performance characteristics of the bolometer 
device. 

[0057] Furthermore, in order to achieve commercial 
success, all these devices preferably should be pro- 
duced in high volume and at low cost. The fabrication of 
a fully packaged electromagnetic micro-relay is hereun- 
der described in details as a best mode embodiment of 
the present invention. 

Best mode embodiment 



55 [0058] An integral design and fabrication approach in- 
corporating all the key elements of a micro-relay, i e 
actuator, electrical contacts, housing of the elec - :al 
contacts, structural design, micro-machining fabrication 
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process and packaging has resulted in the micro-relay 
schemaucslly shown in Fig 16 The heart of the micrc- 
retay comprises two "flip-chip assembled" chips (i 61 ) 
using the method of the present invention described 
hereabcve 5 
[0059] The assembly process is based on the eutectic 
(162) bonding between electroplated tin lead (SnPb) 
and gold ( Au) layers. One of the two chips of the assem- 
bly uses a ferromagnetic substrate (161) and comprises 
a U-core electromagnet, consisting of a double-layer Cu io 
coil (cross section Cu winding 6x8 um 2 . total number of 
turns N=127). electroplated NiFe (50/50) poles (1x0.15 
mm 2 t and the lower electrical contact. The upper chip 
( 1 62) uses an oxidised silicon substrate. The chip acco- 
modates an armature' con si sting of a keeper plate (2x1 8 1 $ 
mm 2 1 and two supporting beams ( 1 6x0 . 1 5 mm 2 ) acting 
as springs, composed of approximately 20 u.m thick 
electrodeposited NiFe (80/20). The keeper and the 
beams are suspended i u.m above the silicon substrate 
( 162) The upper contacts are deposited on the keeper 20 
plate For the current design, the contacts are 0.20x0 1 5 
mm 2 in size ~,id are made of Au (1 5 u.m on the keeper 
and 0 5 um on the electromagnet). The contacts and the 
armature are housed in a hermetically sealed cavity, 
filled with cither forming gas or air The in-plane size of 2s 
the cavity is defined by a metallic sealing ring, consisting 
of a spacer layer of electrodeposited nickel Ni covered 
with SnPb Contact gap and actuation (pole) gap differ 
only by the total thickness of the contacts (approximate- 
ly 2 um). and are mainly set by the thickness of the Ni 30 
space* layer with a small contribution from the SnPb 
solder layer For the current design, the contact gap 
spacing is approximately 22 u.m, whereby the Ni spacer 
is close to 20 u.m 

[0060] The fabrication of the electromagnet chip ( 1 61 ) 3S 
wrth the multilayer coil starts with a ferromagnetic (FeSi, 
3% silicon) substrate. The process-flow is represented 
in Fig! 17 wherein Fig. 17a represents the substrate 
(161 ) after the fabrication of the Cu coil; Fig. 17b repre- 
sents the substrate (161) after "Ni-pad" and NiFe pole *o 
growing Fig. 17c represents the substrate (161) after 
lapping and polishing poles and Ni pads, next deposition 
of the Ni-spacer and SnPb layer for the sealing ring and 
the feedth rough, and finally the deposition of the contact 
layer -*5 
[0061] The sealing ring includes a double layer of a 
Ni spacer and a SnPb (e.g., eutectic 63/37) solder layer 
for making the flip-chip assembly bond. The fabrication 
process is based on 3D microforming technologies in- 
volving key steps such as electrodeposition of Cu for the so 
coil windings and interconnects, of NiFe for the poles, 
of Ni for the spacer and moreover, of the SnPb solder 
for making the flip-chip assembly bond. Further steps 
are the preparation of a plating mould using BCB's (cy- 
clotene) and lapping and polishing of the "overplated" 55 
metals. The armature chip (chip (162) in Fig. 16) uses 
a silicon substrate as the starting matenal The process- 
flow is represented in Fig 18, wherein Fig. 18a repre- 
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sents the substrate after oatterning of the Al sacrificial 
layer: Fig 18b represents the substrate after elec- 
trodeposition of the NiFe for the armature followed by 
the deposition and patterning of the contact layer: and 
Fig. 18c represents the substrate after sacrificial layer 
etching of the Al in KOH. 

[0062]* Packaging focuses on low -cost, miniature 
packaging techniques In addition to the four primary 
purposes of the package for integrated circuits, i.e.. 
power distribution, signal distribution, power dissipation 
and mechanical support and protection, a fifth and very 
relevant function is to be added for micro-relays defini- 
tion of the housing and control of the ambient for the 
electrical contacts. The latter is referred to as 0-tevel 
packaging, as opposed to the 1 -level packaging which 
comprises what is usually interpreted as packaging i 
e the assembly capsule and the leads for interconnect- 
ing the assembly to the outside world 
[0063] The 0-level packaging deals with the fabrica- 
tion of the cavity which in the firsl place houses the elec- 
trical contacts (see Fig 16). As such it replaces the 
glass capsule of conventional reed switches and reiays 
The atmosphere in the capsule is generally nitrogen 
forming gas or a vacuum and is tuned so as to increase 
the breakdown voltage and to improve the life expect- 
ancy of the switching contacts For the micro-relay the 
cavity is formed according to the low-temperature (<350 
°C) flip-chtp assembly process of the present invention 
of upper and bottom chips The cavity is enclosed by 
both of these chips and by a geometrically enclosed 
sealing ring. For the reasons indicated before the cavity 
must be hermetically sealed ana must have a clean and 
controllable ambient. The term "Controllability" as used 
herein means an ambient containing a predetermined 
gas (e.g., nitrogen or SF 6 ) or gas mixture (e.g., forming 
gas) with a predetermined pressure (including a vacu- 
um). As already indicated above, a metallic sealing ring 
can be implemented to meet the hemneticity require- 
ments. For the under-bump-metallization (UBM) : TiAu 
(0.02/0 12 urn) is preferably used and for the top-sur- 
face-metallization (TSM), Au is used which is simulta- 
neously deposited with the contact layer. 
[0064] Controllability of the ambient is achieved with 
the method of the present invention, in addition to the 
above requirements, an electrical feedthrough must be 
implemented to interconnect the electrical contacts on 
the armature< upper) chip to the output pads which are 
located on the electromagnet (bottom) chip. The metal- 
lic stack of Ni spacer and SnPb can also provide this 
feedthrough as shown in Fig 1 6. 
[0065] The size of the relay configuration of Fig. 1 6 is 
set by the bottom electromagnet chip and is approxi- 
mately 5.3x4.1 mm 2 . The thickness of the flip-chip as- 
sembly is approximately 1 mm. 

[0066] Upon energising the coil, the keeper is attract- 
ed towards the poles, thus closing the electrical con- 
tacts. The output of the relay can either be defined by 
the two bottom contacts whereby the keeper merely acts 
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as a shorting element, or by one (or both) bottom con- 
tacts and the upper contacts In the latter case the up- 
per contact is interconnected to the output pad on the 
bottom chip via the supporting beams and the electrical 
fesdthrcugh (Fig. 16) it a magnetic force F m acting on 
the keeper is in general limited by magnetic saturation 
of the keeper and/or by the residual pole gap spacing 
after closure For the current design F m is around 2 mN 
(saturation limited), which ts calculated for a magneto- 
motive force Nl>0.8 AT a permeability ^2.000 and a 
saturation induction of 1 T of the keeper material, an 
average keeper length of 1 6 mm and a residual gap of 
1 jm The contact force F c (hereby assuming that pull- 
in has occurred) is hmitec by the maximum magnetic 
force minus the soring force, and thus. F c < 2 mN/2 = V 
mN ("actor 2 arises because the force is distributed over 
two contacts). It should be noted that the spring force is 
determmec by the stiffness of the supporting beams but 
also oy the stiffness of the keeper plate The latter will 
deform jpon closure of the contacts and this way, an 
additional spring stiffness is introduced. 



Claims 



1 . A method of fabricating a microstructure having an 
inside cavity comprising the steps of: 

making at least a first layer (3) in a substantially 
closed geometric configuration on a first sub- 
strate (1); 

creating an indent (4) in said first layer (3): 
making at least a second layer (6) substantially 
with said substantially closed geometric config- 
uration on a second substrate (5).; 
aligning and bonding said first substrate (1) on 
satd second substrate (5) such that a micro- 
structure having a cavity (8) is formed accord- 
ing to said closed geometry configuration. 

2. A method of fabricating a microstructure having an 
inside cavity comprising the steps of: 

making at least a first stack of layers in a sub- 
stantially closed geometric configuration on a 
first substrate (1); 

creating an indent (4) on the top layer (3) of said 
first stack of layers; 

making at least a second stack of layers (6) 
substantially with said substantially closed ge- 
ometric configuration on a second substrate 

(5); 

aligning and bonding said first substrate (1 ) on 
said second substrate (5) such that a micro- 
structure having a cavity (8) is formed accord- 
ing to said closed geometry configuration. 

3. The method as recited in claims 1 or 2, wherein the 



indent is performed using photolithographic and/or 
chemical steps 

4. The method as recited in any one of the preceding 
5 claims wherein the indent is performed by remov- 
ing a pan of said layer or at least one of the layers 

- of the first stack of layers using a shearing tool (11) 

5. The method as recited in any one of the preceding 
10 claims, wherein the indent is performed by applying 

a force to an indent tool ( 1 2) on said first layer or at 
least one of the layers of the first stack of layers. 

6. The method as recited in any one of the preceding 
t5 claims, wherein a pre-treatment prior to the aligning 

and bonding of said substrates is performed on both 
substrates, said pre-treatment consisting in a plas- 
ma etching treatment 

20 7. The method as recited in any one of the preceding 
claims, wherein a pre-bonding treatment is per- 
formed after the aligning of both substrates in order 
to form the microstructure. 

25 8. The method as recited in any one of the preceding 
claims, wherein the pre-bonding treatment corsists 
in heating the microstructure to a temperature we!! 
below the melting temperature of said first layer or 
at least one of the layers of the first stack of layers 



30 



35 



9. The method as recited in any one of the preceding 
claims, wherein said first layer or said first stack of 
layers includes a solder layer essentially made of 
PbSn. 

10. The method as recited in any one of the preceding 
claims 2 to 9, wherein the first stack of layers com- 
prises a metallization seed layer (2). 



40 11 . The method as recited in any one of the preceding 
claims, further comprising the step of pumping said 
cavity to a predetermined pressure prior to and/or 
while executing the bonding step. 

45 12. The method as recited in any one of the preceding 
claims, further comprising the step of filling the cav- 
ity with a gas or a gas mixture to a predetermined 
pressure prior to and/or while executing the bonding 
step. 



so 



ss 



13, The method as recited in any one of the preceding 
claims, wherein the gas is an inert gas. 

14. The method as recited any one of the preceding 
claims, wherein the indent is closed by reflowing the 
top layer of the first stack of layers at a reflow tem- 
perature above or equal to or just below the melting 
temperature of said first layer or at least one of the 
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layers of said first stack of layers. 

15. The method as recited in any one of the preceding 
claims wherein the reflowmg is performed in a vac- 
uum environment. 5 

16. The method as recited in any one of the preceding 
claims, wherein the reflowtng is performed in an in- 
ert gas environment. 

w 

17. The method as recited in any one of the preceding 
claims, wherein the reflowing is performed at a tem- 
perature which is less than the melting point of the 
substrates and the other structures thereon exclud- 
ed saic first layer or at least one of the layers of said '5 
first stack of layers 

18. The method as recited in any one of the preceding 
claims, wherein both substrates can be silicon or 
chips in silicon wafers or one substrate being a chip : 20 
me other substrate a wafer. 

19. The method as recited in any one of the preceding 
claims wherein a window is made in one of the two 
substrates in order to let electromagnetic radiation 2s 
to enter the cavity 

20. The method as recited in any one of the preceding 
claims wherein one of said substrates is transpar- 
ent for electromagnetic radiation which is able to en- 30 
ter the cavity 

21. Microstructure having a sealed cavity (8). wherein 
said cavity is defined by walls according to a closed 
geometric configuration between two substrates (1 3S 
and 5), said walls being a stack of layers comprising 

at least the first metallization layer (2), a reflowed 
solder layer (3), and a second metallization layer 
(6). 

40 

22. Microstructure as recited in claim 21 wherein at 
least part of one of the two substrates has a window 
in order to let electromagnetic radiation to enter the 

cavity. 

45 

23. Microstructure as recited in claim 21 wherein one 
of said substrates is transparent for electromagnet- 
ic radiation in order to let it enter into the cavity. 

24. Use of the method as recited in any one of the 50 
claims 1 to 20 for realising a microreed switch, a 
capacitive microacceterator, a vacuum microtriode, 

a micro resonator, a microrelay and a microswttch 

55 
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FIG. 5 
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FIG. 8 
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FIG . 17 
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